We describe a retrospective review of 38 cases of reconstruction following resection of the metaphysiodiaphysis of the lower limb for malignant bone tumours using free vascularised fibular grafts. The mean follow-up was for 7.6 years (0.4 to 18.4). The mean Musculoskeletal Tumor Society score was 27.2 (20 to 30). The score was significantly higher when the graft was carried out in a one-stage procedure after resection of the tumour rather than in two stages. Bony union was achieved in 89% of the cases. The overall mean time to union was 1.7 years (0.2 to 10.3).
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Free vascularised fibular transfer is a major operation with frequent, but preventable, complications which allows salvage of the limb with satisfactory functional results.
The use of a vascularised fibular graft was first described by Taylor, Miller and Ham in 1975 . 1 It has been employed for reconstruction of bone defects secondary to trauma, [2] [3] [4] infection, 5, 6 osteonecrosis of the femoral head, 7 congenital anomalies [8] [9] [10] and after resection of tumours. [11] [12] [13] Previously published series have either described heterogeneous populations 11, 12, [14] [15] [16] or small numbers of patients. 13, [16] [17] [18] We have used free vascularised fibular grafts for reconstruction of defects of bone in the lower limb after resection of malignant bone tumours in 38 children. We describe the results and factors relating to the outcome.
Patients and Methods
Between June 1986 and November 2006, 38 consecutive patients with a malignant bone tumour involving the metaphysiodiaphysis of long bones in the lower limb were treated by resection and reconstruction by a vascularised fibular graft. Five died within two years of operation but were included in the study. The remaining patients were followed up for more than two years. There were 23 males and 15 females. Their mean age at the time of surgery was 11.8 years (4.3 to 22.6). There were 23 with an osteosarcoma, 13 with a Ewing's sarcoma and one each with a synovial sarcoma and a rhabdomyosarcoma. The femur was the site of 30 tumours and eight were in the tibia. There were 22 tumours in the diaphysis and metaphysis, and 16 in the diaphysis.
Surgical technique
The fibular graft was harvested from the ipsilateral limb when reconstructing the femur (Fig. 1) and from the contralateral limb for the tibia as described by Mathoulin et al 19 ( Fig. 2) . A onestage procedure, in which resection of the tumour and reconstruction were carried out at the same session, was used in 32 cases and a two-stage procedure, with delayed bone reconstruction after temporary osteosynthesis and a cement filling, was used in six. The mean length of the femoral defect was 20.3 cm (12 to 32) and of the tibial defect was 15.3 cm (11 to 18). The mean length of the graft was 19.2 cm (11 to 32). A myocutaneous lateral gastrocnemius flap was used in three cases, a hemisoleus flap in two and a fibula skin paddle in three. The graft was stabilised by a plate and screws. In eight cases bone graft was added, an iliac autogenous graft in four patients and an allograft shell around the fibular graft in the last four cases of femoral reconstruction.
Chemotherapy was used before and after operation for all patients according to their initial response. Osteosarcomas were treated by chemotherapy with an osteosarcoma 87 20 or an osteosarcoma 94 21 protocol. Ewing's sarcomas had chemotherapy with Ewing 93 or EuroEwing 99 protocols. 22 The patient with a rhabdomyosarcoma was treated by chemotherapy (infosfamide, vincristine and actinomycin D) as well as pre-and post-operative radiotherapy. Patients were reviewed at one month, three months and then every six months by a combined orthopaedic surgery and oncology team.
They were assessed using the Musculoskeletal Tumor Society score 23 which analyses pain, functional activities, emotional acceptance, use of external supports, walking ability, and gait. Each factor is rated on a scale from 0 (worst) to 5 (best), with a maximum total score of 30.
Bony union was defined as the presence of bridging bony trabeculae. It was classified as good (union of both ends without a further operation), intermediary (one or more further operations necessary to obtain union) and poor (nonunion). Statistical analysis. The results are expressed as means or percentages with 95% confidence interval (CI). The data were analysed by the chi-squared or the Student t-test according to the sample. Nonparametric data were analysed with Mann-Whitney U tests. The level of significance was set at p < 0.05.
Results
The results are shown in Table I .
The mean follow-up was for 7.6 years (0.4 to 18.4). There remained 29 patients free of disease at the last follow-up. There were nine deaths of which seven were due to recurrent tumour, four locally and three with metastases to the lung, and two caused by other diseases, one from leukaemia and one with the Li-Fraumeni syndrome. 24 Seven local recurrences were recorded (18%) but only for femoral tumours. The surgical margins of these were narrow in two cases and wide in five.The response to chemotherapy according to the Huvos classification 25 was good, with persistence of less than 5% of viable malignant cells after chemotherapy in two cases of local recurrence. The recurrences were managed by amputation in three, further resection in one, further resection and a knee replacement in one and radiotherapy in the other. Of these patients with local recurrence four died, two following amputation, one before the planned operation and the patient treated by radiotherapy. The remaining three patients were still alive.
Three patients (7%) developed metastases and died but had no local recurrence.
Functional outcome
Partial weight-bearing commenced after signs of union on plain radiographs. Full weight-bearing was achieved at a mean time of 0.95 years (0.14 to 3.44). Full weight-bearing was achieved more quickly following tibial (mean: 0.54 years) than for femoral reconstructions (mean: 0.99 years) and after a one-stage procedure (mean: 0.83 years) rather than a two-stage reconstruction (mean: 1.81), although the differences were not statistically significant (p > 0.05).
The Musculoskeletal Tumor Society score was assessed in 34 patients. One patient had died from disease before being assessed and patients who had undergone amputation were excluded. The mean Musculoskeletal Tumor Society score was 27.2 (20 to 30). This score was significantly higher when the reconstruction had been carried out without an allograft and was better with a one-stage (27.4) rather than with a two-stage procedure (25.4) (Student's ttest, p = 0.45). The score was also higher when treating a Ewing's sarcoma (27.83) rather than osteosarcoma (26.95) although the difference did not reach statistical significance (p > 0.05). Radiological outcome (Table II) . Of the 38 patients four (11%) had nonunion at the last follow-up. All had femoral reconstructions and none had an associated allograft. The rate of nonunion was higher when the procedure was performed in two stages (33%) rather than in one (6%), but the small size of the sample did not allow statistical analysis. There was no failure of union when an allograft was associated with a vascularised fibular graft in a one-stage procedure for femoral reconstruction.
The rate of union (Table II) was higher after tibial (75%) than after femoral reconstruction (20%) and when the tumour was a Ewing's sarcoma (54%) rather than an osteosarcoma (17%). The mean time to union for the proximal and distal femoral reconstructions was In order to achieve union 19 patients (50%) required 24 secondary iliac autogenous grafts. An osteotomy for malunion was required in ten patients (26%). Leg-length discrepancy was present after six femoral and four tibial procedures and was secondary to resection or osteosynthesis of the epiphysis in eight patients. In the other two femoral shortening was due to impaction of the reconstruction. In order to manage the discrepancy eight epiphysiodeses and one shortening osteotomy were required in the opposite limb. More additional operations were necessary for mal-or nonunion after femoral than tibial reconstruction. Correction of leg-length discrepancy was more frequent after tibial reconstruction. Neither differences was statistically significant (p > 0.05).
Stress fractures of the fibular graft occurred after four (13%) femoral and four (50%) tibial reconstructions. In three cases the stress fracture occurred immediately after the fixation device was removed. One case of allograft resorption occurred after femoral reconstruction. Infection. Seven reconstructions (18%) were complicated by infection, six involving femoral reconstructions and one a tibial procedure after necrosis of a lateral gastrocnemius myocutaneous flap. Of these patients, six had osteosarcomas and one a Ewing's sarcoma. Infection occurred after the initial procedure in six patients while one developed infection after a re-operation. Infection developed after one-stage surgery in three patients (9%) while in four (66%) it came following a two-stage procedure. It was treated successfully in five patients with debridement and drainage combined with antibiotherapy, but in the other two a septic nonunion developed which required an iliac bone graft. Donor-site morbidity. Donor-site morbidity developed in 14 patients (36%). There were four cases (11%) of peroneal nerve palsy which recovered spontaneously and three (8%) of clawing of the big toe which required surgical correction.
There were seven patients (18%) with a valgus ankle requiring a total of 11 operations. Fractures occurred in two tibiae on the leg which had supplied the graft. One was treated in a cast and the other required surgery.
Discussion
Previously published series of reconstruction using free vascularised fibular grafts described heterogeneous populations in terms of the pathology 15, 16 or localisation. 11, 12, [14] [15] [16] [17] Our series comprised 38 patients with tumours of the lower limb followed up for a mean of 7.6 years.
Vascularised grafts have been shown to be superior to non-vascularised grafts for reconstruction of large bone defects in animal studies. [26] [27] [28] We achieved fusion after one or more operations in 89% of cases. This finding is similar to most series of bone reconstruction by free vascularised grafts. 11, 12, 14, 15 All our nonunions occurred after femoral reconstruction. The length of reconstruction, the need for hypertrophy of the graft and unfavourable mechanical conditions contribute to this. The anatomical axis of the femur in which the graft is introduced is different from the mechanical axis of the fibula, thus generating abnormal loading. In the tibia the mechanical and anatomical axes are similar.
Because of the high rate of complications encountered in the femur we began to combine the graft with an allograft shell as described by Capanna et al 29 to add mechanical stability. 11 Complications are rarer and bony union is faster when combined allograft and autograft reconstructions are used. 13, 29, 30 Long-term radiological studies by Manfrini et al 31 have shown incorporation of the fibula into the allograft.
Resorption of the allograft occurs in between 1% and 14% of the cases. 32, 33 One case occurred in our series without clinical consequence.
External fixators achieve only a temporary fixation which is not suitable to the long delays before union. They introduce a risk of pin-track infection. Intramedullary osteosynthesis is not recommended. Fixation with a plate gives long-term fixation and is the osteosynthesis of choice.
Bony union takes longer at the proximal rather than at the distal end of femoral reconstruction. Lafosse et al 16 reported the same finding. We believe this is because of better vascularisation of the distal end and more favourable mechanical conditions. The mechanical axis of the proximal femur is further away from the anatomical axis than in the distal femur.
A vascularised fibular graft gives better results when carried out at the same time as resection of the tumour. We agree with Zaretski et al 11 that one-stage surgery is preferable. The rate of nonunion was twice as high with an osteosarcoma compared to a Ewing's sarcoma and the results overall were better for the latter lesion. We suggest that chemotherapy such as methotrexate used for treating an osteosarcoma inhibits bone formation more than that used for a Ewing's sarcoma, and less soft tissue is resected in the Ewing's patients because of the response to the chemotherapy.
The mean Musculoskeletal Tumor Society score (27.2) reveals a very good functional result in our series and is also similar to reported rates. 11, 17, 34 The rate of local recurrence in femoral lesions was 18% which is higher than published data reporting rates between 6% and 9%. 12, 14, 35 Local recurrence was related in our series to the margin of excision and the effectiveness of chemotherapy as also reported by Ford et al. 35 Recurrence after femoral resection may be explained by the local venous vascularisation which may favour vascular diffusion. The rate of infection (18%) is similar to that previously reported. 11, 13, 15, 16 The recorded rates of stress fractures range between 10% and 25%.
12,13-17 Minami et al 15 noted that stress fractures occur more often in the lower limb and are more frequent in the presence of malalignment. Stress fractures also occur spontaneously. We found an incidence of stress fractures of 21% mainly involving the tibia and occurring shortly after removal of the fixation device. Stress fractures can be treated by cast immobilisation or by osteosynthesis. 30 Compartment syndromes are rare (3%) 36 and none occurred in our series. The incidence of extrinsic flexion deformity of the toes (7%) is higher than observed previously. 37 This deformity may be due to a subclinical deep compartment syndrome. 37 Valgus deformity of the ankle on the donor side is a common complication. 38 There is no relation between the occurrence of the deformity and the level of the distal fibular osteotomy, provided that this is performed more than 5 cm from the tip of the lateral malleolus. Prevention using a tibiofibular syndesmotic screw is safe, easy to perform and efficient, and we recommend this in all patients whose growth plates are open at the time of surgery. Common peroneal nerve palsy is reported to occur in 4% to 5% of patients and is almost always transient. 15, 36 A free vascularised fibular graft is a reliable technique for reconstruction of diaphyseal bone loss of the lower limb after resection of malignant bone tumour. It allows salvage of the limb with a good functional result, but complications are frequent, however some are preventable. The three main preventable complications are pseudarthrosis of femoral construction, stress fracture of the reconstruction and a valgus deformity of the ankle. Prevention can be achieved by the combination of an allograft with the fibular graft as described by Capanna et al 29 for femoral reconstruction, avoiding removal of the fixation device and use of a syndesmotic tibiofibular screw. 36 Reconstruction should be undertaken at the same time as removal of the tumour.
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